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Prolonged storage of murine leukaemia virus in ambient light leads to a loss of infectivity. Particle integrity and envelope incorporation are
unaffected; rather, the defect is functional and intrinsic to the viral core. Light in the violet part of the visible spectrum (wavelength 420–430
nm) is responsible for virus inactivation. Reduced reverse transcriptase-dependent cDNA generation post-entry accounts for the loss in
infectivity and is likely due to a polymerase processivity defect. The virion-associated reverse transcription complex is thus photolabile. The
phenomenon could be important in certain experimental situations, notably at elevated temperatures or when exposure to light is extensive.
Additionally, our study suggests that the reverse transcription complex is a suitable target for an anti-retroviral strategy; identification of the
nature of the lesion and the mechanism of its induction may inform the design of novel inhibitors.
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Stability is important for use and storage of recombinant
retroviral vectors. Vectors derived from murine leukaemia
virus (MLV) have been reported as having an extracellular
half-life at 37 -C of 6–8 h, with a similar value for the half-
life of the internalised viral core/pre-integration complex
(Andreadis et al., 1997). Temperature is an acknowledged
factor, and stability can be extended at lower temperatures
(Stull and Gazdar, 1976); vectors can be stored long-term at
80 -C without loss of infectious titre. The influence of
visible light on vector stability has not previously been
reported but became apparent to us in that storage at room
temperature in ambient laboratory lighting versus dark
storage was markedly different. The only precedent for such
an observation is the storage of baculovirus (Jarvis and
Garcia, 1994).
Exposure to light in the visible spectrum is the basis of the
photodynamic treatment of plasma for inactivating a number
of viruses, including herpes simplex virus and human
immunodeficiency virus (HIV) (Wagner, 2002). Photosensi-0042-6822/$ - see front matter D 2005 Elsevier Inc. All rights reserved.
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E-mail address: colin.porter@icr.ac.uk (C.D. Porter).tising agents are used in conjunction with high-intensity light
to generate virucidal singlet molecular oxygen or free radical
species (Muller-Breitkreutz et al., 1995). Methylene blue/
visible light treatment was shown to be highly destructive for
HIV-1, with loss of viral enzyme activities, protein cross-
linking and genome degradation (Bachmann et al., 1995).
The latter is due to nucleic acid binding and intercalation by
the photosensitiser. Exposures used are in the region of 104
to 105 lx for 10 min. Broad spectrum light of short duration
(less than a millisecond) and very high intensity (of the order
of 1010 lx) is virucidal to a range of enveloped and non-
enveloped viruses without photosensitisers, leading to
nucleic acid cross-linking as with ultra-violet light irradiation
(Roberts and Hope, 2003). In contrast, in this study, we have
evaluated the influence of exposure to much lower intensities
of visible light (up to 1000 lx) on the infectivity of
recombinant MLV vectors.Results
Our initial observation was that the infectious titre of
an amphotropic MLV vector transducing h-galactosidase
(MLV-A) was dependent on exposure to light: vector stored05) 321 – 329
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on TE671 cells in contrast to an equivalent aliquot kept
under continuous (predominantly artificial) ambient labo-
ratory lighting. Relative to a control kept at 80 -C, virus
stored in the dark for 7 days retained ¨25% infectivity,
whilst that exposed to light had <0.1% infectivity. The light
intensity on the laboratory bench was approximately 200 lx,
with a maximum 20% contribution from natural light. There
was no significant effect due to the latter (comparing to
storage under artificial lighting only). The laboratory light
source was a halophosphate Fwhite_ fluorescent tube with
output throughout the visible range (380–700 nm) and no
detectable ultra-violet emission.
Virus sensitivity to light
This phenomenon was investigated further using differ-
ent light intensities (120, 220, 430 and 920 lx) and storage
of MLV-A for up to 7 days. The equivalence of dark-stored
controls for each of these conditions confirmed the
longevity of virus at room temperature and indicated the
lack of other potential light intensity-dependent influences
(e.g. temperature change): approximately 60% and 30%
infectivity remained after 3 and 7 days in the dark,
respectively. Titres of light-exposed virus fell rapidly for
the highest intensity but were long-lived at the lowest level;
for each light intensity, the log10(titre) fell in proportion to
the time of exposure (Fig. 1). Similarly, the reduction in
log10(titre) was proportional to light intensity for each
duration of exposure, such that there was a strong
correlation between log10(titre) and the total illumination
calculated as the product of the intensity and duration (data
not shown).
MLV-Awas stored dark or exposed to 200 lx for up to 14
days at 4 -C, 21 -C and 37 -C. Dark storage at 4 -C retained
full infectivity, whilst heating to 37 -C significantly reducedFig. 1. Effect of light intensity on virus survival. The titres on TE671 cells of M
different levels of light are shown relative to that of a freshly thawed control (tit
aliquots stored in parallel with each of the different light exposures that rule out p
sample stored for the longest time at the highest light intensity.stability compared to room temperature. Light exposure
reduced stability further: virus was highly unstable at 37 -C
(no detectable titre after 24 hr) and retained only 20%
infectivity at 4 -C (Fig. 2).
To evaluate different storage media, virus was pelleted by
low-speed centrifugation overnight and resuspended in
OptiMEM, DMEM or PBS-A. Aliquots were stored, as
above, in light (200 lx) and dark for 7 days at 21 -C. Loss of
infectivity was comparable for each (data not shown),
indicating that there was no significant effect due to the
nature of the medium (including the presence or absence of
phenol red) or the conditioning of the medium by other
producer cell-derived factors.
To investigate whether the cell origin of the virus was
important, MLV-A was harvested from FLY (HT1080)-
based and AM12 (NIH3T3)-based producer cells and
compared to that from TE-FLY (TE671)-based cells used
above. Loss of infectivity for 200 lx at 21 -C for 7 days was
significant in each case (Table 1). Similarly, viruses
pseudotyped with ecotropic (MLV-E) or RD114 envelopes
from TE-FLY-based producer cells were sensitive to light
(Table 1).
Determination of wavelength of light responsible for virus
inactivation
To determine the wavelength of light responsible for
inactivation, virus was illuminated through ultra-violet
absorbing polycarbonate or one of a complementary set of
yellow, magenta and cyan filters. The yellow and cyan
filters fully protected virus exposed to 1000 lx at 21 -C for 7
days, whereas the magenta filter and ultra-violet absorber
respectively resulted in 55% and 80% of the level of
inactivation due to unfiltered light (Fig. 3A). Importantly,
inactivation despite absorption of any ultra-violet compo-
nent underscores that light of such wavelengths is notLV-A stored at room temperature (21 -C) in the dark or with exposure to
re ¨107 cfu/ml). The Fdark_ data shown are representative of foil-wrapped
otential systematic errors. There was no detectable titre associated with the
Fig. 2. Effect of temperature on light-inactivation of virus. The titres on TE671 cells of MLV-A stored at different temperatures in the dark or with exposure to
200 lx are shown relative to that of a freshly thawed control. There was no detectable titre from the earliest time-point for the sample stored in the light at 37 -C.
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proportional to exposure, the results imply approximately
30% and 60% transmission of the effective wavelength,
respectively, with no significant transmission by the cyan
and yellow filters. The spectral characteristics of the
absorber and filters are shown in Fig. 3B, from which it is
apparent that the data are best satisfied by light of
wavelength 420–430 nm.
Analysis of virus particle integrity
Particles were concentrated by low-speed centrifugation
overnight, lysed and analysed by Western blot for capsid
(CA) and surface envelope (SU). CA content is indicative of
particle number, and SU determination assesses the potential
shedding of the receptor-binding envelope component. Viral
particle integrity was unaffected by exposure to 200 lx at
21 -C for 7 days (Fig. 4). This discounts an explanation of
the phenomenon based on particle destruction and indicates
that the defect is functional. Moreover, the lack of effect on
SU argues against reduction in infectivity due to inefficient
entry.
Effect of light exposure on viral entry
Cationic liposomes can affect virus entry; in particular,
DC-Chol/DOPE liposomes both enhance cell attachmentTable 1
Light inactivation of virus with different producer cell origin or envelope pseudo
a Virus of the indicated envelope tropism and producer cell origin was stored d
b Data presented as titre of light-exposed virus as % of dark control (mean T Sand can compensate for deficiencies (e.g. loss of fusoge-
nicity) in envelope-mediated entry for MLV-A (Porter,
2002). The transduction rate of MLV-A exposed to 200 lx
at 21 -C for 7 days was markedly reduced compared to
control, consistent with its loss of titre. This transduction
deficiency was not rescued by complexation with DC-Chol/
DOPE, as might have been expected if the effect of light
exposure was to compromise entry (Fig. 5A).
The cationic liposome DOTAP, which can achieve entry
and thus transduction in the absence of an envelope/receptor
interaction (Porter, 2002), was used to evaluate the effect of
light on MLV-E or non-enveloped virus. Transduction
following such envelope-independent entry was also sensi-
tive to light exposure (Fig. 5B). These data demonstrate that
the light-sensitive target is not part of the normal infective
entry mechanism but is integral to the viral particle core and
functions post-entry.
Effect of light exposure on reverse transcription
The reverse transcriptase (RT) activity of light-exposed
MLV-A was evaluated both by determination of enzyme
activity in viral lysates and by detection of cDNA products
following infection of TE671 cells. To provide a range of
viral titres reflecting the effect of light exposure, aliquots of
virus were stored dark or exposed to 200 or 1000 lx at 21 -C
for 1, 4 or 7 days. Titres varied from 6  102 cfu/ml (7 daystypea
ark or exposed to 200 lx for 7 days at 21 -C.
E, n = 3).
Fig. 4. Analysis of viral particle integrity following light exposure. MLV-A
was stored at room temperature for 7 days in the dark or exposed to 200 lx.
Particles were pelleted by low-speed centrifugation and analysed by
Western blotting for SU and CA content; the lanes at the right of the
figure are for a 10-fold dilution of the samples relative to those on the left.
Band intensity for both proteins was unaffected by light exposure despite a
50-fold differential in infectious titre.
Fig. 3. Determination of wavelength of light responsible for virus inactivation. (A) MLV-A was exposed to 1000 lx at 21 -C for 7 days through ultra-violet
absorbing polycarbonate or one of a complementary set of yellow-, magenta- and cyan-transmitting filters. Titres on TE671 cells are shown relative to that of a
sample stored in the dark. The magnitude of light-inactivation was somewhat less than that in Fig. 1 because the tubes were more extensively masked to ensure
that all incident light was filtered. (B) The spectrum of light transmission is shown for the ultra-violet absorber and each of the filters used.
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intensity and duration of exposure, as described above. In
vitro RT activity was also dependent upon intensity and
duration of light exposure (Fig. 6A). However, although
enzyme activity correlated closely with infectivity (Spear-
man’s rank correlation, P = 0.0002), the magnitude of the
effect was substantially less (only ¨6-fold reduction for the
most strongly inactivated sample with 40,000-fold reduced
infectivity).
Following entry, cDNA synthesis ensues through gen-
eration of negative strand DNA and positive strand DNA,
culminating in the U3-R-U5 tripartite LTR-containing
double-stranded DNA of the pre-integration complex.
Cytoplasmic viral DNA possessing a complete 5VLTR is
present from 2 h following infection of TE671 cells (Serhan
Fig. 5. Effect of light exposure on cationic liposome-enhanced viral entry.
Equivalent aliquots of MLV-A, MLV-E and non-enveloped virus were
protected from light or exposed to 200 lx at 21 -C for 7 days. Virus was
subsequently complexed with cationic liposomes and added to TE671 cells.
Viral exposure to cells was limited to 40 min to allow the initial
transduction rate (i.e. the average number of transduction events/cell/40
min) to be determined, as described (Porter, 2002; Porter et al., 1998). (A)
MLV-A was diluted 1:10 (to avoid saturation) and complexed with DC-
Chol/DOPE. Complexation increased the transduction rate for the control,
reflecting increased attachment to the target cells (Porter, 2002). The same
increase was shown by light- and dark-stored virus with no improvement in
relative transduction rate. (B) MLV-E and non-enveloped virus were
complexed with DOTAP. Complexation achieved transduction of TE671
cells for these viruses, which are otherwise non-infectious on this target cell
line. The quantitative difference between the non-enveloped virus and
MLV-E is due to the lower particle concentration of the former, determined
by Western blotting for CA content (data not shown).
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structure in cells exposed to virus for 2 h as an in vivo
measure of RT activity: primers were used to amplify
between the U3 region of the 5VLTR and the downstream C
(psi) packaging site. Detection of this cDNA product was
strongly dependent upon light exposure to the virus (Fig.
6B). The magnitude of the effect was estimated by
comparison to a dilution series of control virus and shown
to be sufficient to account for the light-inactivation of
infectivity (Fig. 6C).Discussion
Whilst the temperature dependence of the activity of
retroviral preparations is well known (Stull and Gazdar,
1976), the influence of visible light on viral stability has
not been reported. We demonstrate that light exposure
significantly reduces stability, in a manner that is addi-
tionally temperature-dependent. Even ambient levels of
light (¨200 lx at bench height in our laboratory) are
significant, particularly at elevated temperatures: light-
exposed virus was inactivated much more rapidly at
37 -C than was expected on the basis of the half-life of
6–8 h previously reported (Andreadis et al., 1997; Stull
and Gazdar, 1976), which fits closely with our data for
light-protected virus. The preservation of titre at 4 -C was
striking, especially when stored dark: full infectivity was
retained at 2 weeks (Fig. 2), with 30% titre remaining after
8 weeks (data not shown). Virus inactivation strongly
correlated with cumulative light exposure at 21 -C for a
range of durations up to 7 days and light intensities up to
1000 lx. Thus, light provides a variable that can be
adjusted accordingly as retention of titre is required at
ambient temperatures or is undesired at lower temper-
atures. Given that light levels in microbiological safety
cabinets are much higher (¨600 lx) than on the laboratory
bench, the consequences of light exposure could be
experimentally significant if exposures are for several
hours or the effects under consideration subtle.
The possibility of the effect of light exposure being due
to low levels of ultra-violet light was excluded, and the
effective wavelength was shown to be 420–430 nm in the
violet part of the visible spectrum. This identification
excludes any of the prominent mercury spectral lines
superimposed upon the broad spectrum fluorescent light
output. The contribution to the overall exposure in our
experiments by light of this wavelength is relatively low;
photolability could undoubtedly be greatly (and specifically)
enhanced by more intense illumination with 420–430 nm
wavelength light.
The light intensities we have used are very low in
comparison to virucidal regimes of light exposure that have
been documented, for which photosensitisers are used to
produce reactive oxygen species (Bachmann et al., 1995;
Muller-Breitkreutz et al., 1995). The long-duration low-
intensity exposures in our experiments provide comparable
cumulative light exposures but are unlikely to generate such
destructive products in the absence of photoactive dyes.
Inclusion of 10 mM imidazole to quench singlet oxygen
(Muller-Breitkreutz et al., 1995) during storage for 7 days at
21 -C was itself partially inhibitory and failed to rescue the
loss of infectivity due to exposure to 200 lx (data not
shown). Moreover, we demonstrated that there was no
apparent effect on particle integrity or envelope (SU)
incorporation but that the defect in infectivity subsequent
to particle exposure to light was intrinsic to the viral core.
Reduced RT-dependent cDNA generation post-entry was
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exposed virus and controls stored in the dark. Although not
formally shown, it is likely that the stabilisation/sensitisation
at 4 -C/37 -C also affects this step, which would thus
represent the critical factor for MLV stability. The latterspeculation aside, the influence of light exposure to the cell-
free viral particle on subsequent post-entry events is notable.
The data in Fig. 6 show a marked effect upon the
accumulation of completed double-stranded cDNA products
in infected cells within 2 h of exposure. This is adequate to
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in the transduction process (i.e. integration) are unaffected.
In contrast, there is a significant but relatively small effect
on in vitro RT activity. This implies that the enzyme is only
part of the target for light-inactivation within the viral
particle. An additional consideration is that in vivo
generation of cDNA relies on more than just the polymerase
activity of the RT enzyme: RNaseH activity is intrinsic to
the same protein and necessary for template switching
during reverse transcription but irrelevant to the in vitro
assay. Since reverse transcription is known to initiate within
virions (Trono, 1992), it seems likely that the primed RNA-
bound RT complex is the target. An inactivating lesion such
as cross-linking to (or within) the RNA-template could be
responsible for the reduced in vivo activity yet be of little
consequence for the in vitro assay, in which an alternative
(and abundant) template is provided. In a preliminary
experiment, PCR amplification of part of the h-galactosi-
dase transgene, for which negative strand cDNA is a
template, was reduced (data not shown) but less-markedly
so than the LTR-specific product determined in Fig. 6B: this
is consistent with a polymerase defect in the generation of
each of the negative and positive cDNA strands. However,
the wavelength of the light responsible for inactivation does
not readily give any clues as to the chemistry involved.
The relationship of cDNA abundance to titre (Fig. 6C)
shows that some (several-fold) loss of activity can be
sustained with little impact on titre; this reflects the
differences in the assays, with the former based on exposure
for 2 h prior to lysis of the cells to make DNA and the latter
based on transduction after 4 h exposure plus additional
time available since the cells remain alive for a further 2
days before histochemical staining. The reduced appearance
of cDNA product due to loss of processivity, for example,
would thus likely be greater than the loss of titre.
In summary, light exposure of cell-free virus results in
loss of infectivity due to a defect in subsequent reverse
transcription, likely as a result of a polymerase processivity
defect. A primed and stalled virion-associated reverse
transcription complex is the most probable target. The
phenomenon could be important in certain experimental
situations, notably at elevated temperatures or when
exposure to light is extensive. Additionally, our studyFig. 6. In vitro and in vivo reverse transcriptase activity. MLV-A was exposed to
determined. (A) In vitro RT polymerase activity was measured by primer extensi
purified enzyme standards. Data shown are mean T SE of triplicate determinatio
products containing the completed 5VLTR as a measure of in vivo RT activity. Follo
and total DNAwas prepared. A forward primer annealing to the U3 region (U3F) w
780 bp product (upper panel). As a means of quantitating reduced activity, cells
prepared from mock-infected cells (right-hand side of figure). To control for DNA
promoter region (lower panel); this led to the exclusion of the 4-day dark sample fr
the in vivo cDNA product for longer or more intense light exposure. (C) Both in vit
vitro activity is expressed relative to the control, showing an approximately linear c
abundance was estimated by measuring PCR band intensities and constructing a c
viral activity was consequently determined for each of the samples. The limit of
purposes of this figure, the samples with undetectable activity have been assign
(trendline shown).suggests that the reverse transcription complex is a suitable
target for an anti-retroviral strategy; this would be of
particular interest if the same sensitivity is shown by HIV.
Whilst exposure to light may not be a practical approach,
identification of the nature of the lesion and the mechanism
of its induction may inform the design of novel inhibitors.Materials and methods
Cells and viruses
MLV vector producer cells were grown in DMEM/10%
FCS at 37 -C, 5% CO2. Virus was harvested in OptiMEM,
filtered (0.45 Am) and stored at 80 -C. Virus used was
amphotropic (MLV-A) from TE-FLY, FLY (Cosset et al.,
1995) or GP+envAM12 cells (Markowitz et al., 1988);
ecotropic from TE-FLY-Mo (MLV-E) and RD114-pseudo-
typed from TE-FLY-RD cells (MLV-RD) (Cosset et al.,
1995). All TE-FLY variants are derived from TE671 cells,
FLY from HT1080 and AM12 from mouse 3T3 cells. MLV-
A and MLV-RD were titrated on TE671 cells, and MLV-E
was titrated on NIH 3T3 cells. Target cells were plated at
2.5  104 cells/well in 24-well plates the day before
infection, for which 50 Al virus was used in a total volume
of 250 Al containing 8 Ag/ml polybrene. Titrations were
performed in triplicate. Medium (750 Al) was added after 4 h,
and cells were stained for h-galactosidase expression with X-
Gal 2 days later, as previously described (Porter et al., 1998).
For cationic liposome-mediated transduction, MLV-A
was complexed with 50 Ag/ml DC-Chol/DOPE and MLV-
E or non-enveloped virus was complexed with 200 Ag/ml
DOTAP, as described (Porter, 2002). Complexes were
added to cells for 40 min before replacement with DMEM/
FCS. Cells were histochemically stained with X-Gal 2 days
later, following which the transduction efficiency was cal-
culated from the proportion of positive cells, as described
(Porter et al., 1998).
Light source
Virus exposure was to light from the overhead laboratory
lighting, consisting of standard halophosphate fluorescentdifferent intensity and duration of light, following which RT activity was
on using virus lysates. Calibration of activity was by means of a series of
ns. (B) Semi-quantitative PCR was used to detect the presence of cDNA
wing exposure of TE671 cells to virus for 2 h, cells were washed and lysed,
as used with a reverse primer annealing to the C region (PsiR) to amplify a
were exposed to serial 5-fold dilutions of control MLV-A; DNA was also
yield, PCR was used to detect a 500 bp product from the genomic erbB2
om further analysis. The figure shows a more marked decline in intensity of
ro and in vivo RT activities were correlated with infectivity (i.e. titre). The in
orrelation with the exception of the most strongly inactivated sample. cDNA
alibration series versus dilution for the control virus; the equivalent control
detection in the PCR assay was equivalent to ¨1% control activity; for the
ed this value. In vivo RT activity correlates exponentially with viral titre
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Electric F58W/35). The output was continuous spectrum
throughout the visible range, from 380 to 700 nm, but
predominantly in the range 500–650 nm. Light intensity
was varied by altering the distance to the samples and was
determined using a digital light meter with photopic spectral
sensitivity (Iso-Tech Lux-1337, RS Components, Corby,
UK). No ultra-violet light was detectable using a UVX
Radiometer (UVP Ltd., Cambridge, UK) with sensors
calibrated for 254, 310 and 365 nm. Virus samples were
illuminated in polypropylene screw-cap Eppendorf tubes,
attenuating the light intensity by 40% without spectral
distortion in the visible range but strongly absorbing ultra-
violet light of <300 nm. In one experiment, to exclude the
possibility that undetectable levels of incident ultra-violet
light might be responsible for virus inactivation, the sample
was illuminated through a polycarbonate faceshield (UVP
Ltd.), completely blocking ultra-violet transmission but
attenuating visible light by <10%.
Light exposure of virus
Equivalent 200 Al aliquots of virus in screw-cap
Eppendorf tubes were stored frozen at 80 -C and thawed
for immediate use. The following measures were taken to
avoid the potential for systematic errors that would obscure
the variable under consideration. Tubes for different
experimental conditions were placed in identical white 64-
position plastic racks backed by the white laboratory bench
top or a similar white plastic surface at the appropriate
distance from the light source. Control tubes for dark
storage were wrapped in foil and placed nearby (but spaced
to avoid Fshadowing_) so that other conditions were equal
(including the potential for other effects, such as heating,
that might vary for different light intensities). Temperature
for equivalent levels of lighting (200 lx) was varied by
incubation on the cold-room laboratory bench (4 -C), on the
laboratory bench at room temperature (21 -C) or on the
laboratory bench in a water bath (37 -C). The time
dependence of exposure was determined by adding addi-
tional samples to the racks at intervals so that the tube with
the shortest exposure was added last, and all samples were
subsequently processed together at the end of the exposure
period. The appropriate conditions were verified at regular
intervals. Tube labelling was minimal until after the
exposure period so as not to reduce the light intensity for
the contents. Assaying the samples together avoided the
influence of other uncontrolled variables. All samples
experienced the same treatment in terms of thawing from
80 -C at the outset of their exposure, including a control
used immediately.
To determine the wavelength of light responsible for virus
inactivation, samples were illuminated through the ultra-
violet absorbing polycarbonate shield or one of a comple-
mentary set of KodakWratten colour filters (Edmund Optics,
York, UK): numbers 12 (yellow), 32 (magenta) and 44A(cyan). For this experiment, all tubes were masked around
the tube sides such that illumination was solely through the
filter placed on the tube lid. The spectral characteristics of the
absorber and filters were determined spectrophotometrically
(see Fig. 3B).
Western blot analysis of viral proteins
Virus was purified and concentrated from producer cell
supernatant by centrifugation overnight at 2500  g at 4
-C and resuspension in PBS. To evaluate viral proteins,
virus was lysed in SDS loading buffer and analysed by
Western blotting following 12% SDS-PAGE and transfer to
nitrocellulose (Hybond ECL, Amersham International,
Buckinghamshire, UK). Membranes were blocked for 1 h
in 5% non-fat milk powder in Tris-buffered saline (TBS),
incubated overnight in TBS, 5% milk, 0.1% Tween-20
with goat anti-Rauscher leukaemia virus p30 (1:5000) or
gp70 (1:1000; Quality Biotech Inc., USA), washed and
incubated for 1 h in 1:2000 peroxidase-conjugated rabbit
anti-goat (Dako, Ely, UK). After washing, membranes
were developed by enhanced chemiluminescence (Amer-
sham International).
Determination of reverse transcriptase activity
The RT activity of lysed virus preparations was deter-
mined using a C-type RT activity assay kit (Cavidi Tech,
Uppsala, Sweden) with Moloney-MLV RT enzyme stan-
dard. RT present in the sample extended the substrate-
bound template (polyA)/primer, incorporating bromode-
oxyuridine. The latter was quantitated colourimetrically fol-
lowing incubation with the supplied phosphatase-conjugated
antibody.
Analysis of cDNA products following virus entry
105 TE671 cells/well of a 24-well plate were grown
overnight and incubated with 50 Al virus in a total volume
of 250 Al containing 8 Ag/ml polybrene for 2 h. Cells
were washed with PBS, detached using trypsin and
washed with medium followed by PBS. Cell pellets were
lysed in 10 mM Tris pH 8.0, 10 mM EDTA, 10 mM
NaCl, 2% SDS and 100 Ag/ml proteinase K for 2 h at
55 -C, extracted with phenol/chloroform, treated with 10
mg/ml RNaseA and extracted again. DNA was precipi-
tated with ethanol and recovered by centrifugation. PCR
was used to detect cDNA products containing a completed
5VLTR, using a forward primer annealing to the 5V end of
the U3 region (U3F: 5V-CCCACCTGTAGGTTTGG-
CAAGC) and a reverse primer annealing to the C region
(PsiR: 5V-GTTCCGAACTCGTCAGTTCCACC). Amplifi-
cation of a region of the erbB2 promoter was used to
verify comparable DNA yields (primers used were 5V-
CTTCAAAGATTCCAGAAGATATGCC and 5V-CAAG-
CAGCCCTCCTCCTCCAC). PCR conditions were 40
T.B. Richardson, C.D. Porter / Virology 341 (2005) 321–329 329cycles of 30 s at 94 -C, 1 min at 60 -C and 1 min at
72 -C. Products were analysed by agarose gel electro-
phoresis; visualisation and quantitation were used image
capture and analysis LabWorks software (UVP Ltd.).Acknowledgment
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